Gas analyses
A Perkin Elmer Gas chromatography Analyzer (GC) with a thermal conductivity detector (TCD) for separating and analysing a H 2 , CO, CO 2 air mixture was used to analyze the product gas evolved from formic acid decomposition. A standard gas sample conprising of 4.969% CO 2 , 4.957% CO, 4.978% N 2 , 4.990% O 2 , 4.141% H 2, and 4.032% CH 4 was used to calibrate the GC with the chrommatograph shown in Fig.   S1 (a). The H 2 , CO and CO 2 peaks can be well resolved. The product gas was sampled intermittently after adding the formic acid into reactor flask containing the catalyst.
Five gas chromatographs were recorded for each sampled gas at a particular time. The carrier gas is helium at 2 psig. A typical product gas chrommatograph is shown in Fig.   S1 (b) and the analyzed gas composition over a 2 hour period is shown in Table S1 . The Volume-area mean diameter
The Volume-area mean diameter of this sample was 26.5nm. 
Dispersion D=

4.
Rate dependence on catalyst mass. X-ray photoelectron spectroscopy (XPS) XPS spectra were collected on Physical Electronics 5600 multi-technique system. The binding energy scale was referenced to the C1s signal of 284.5 eV. Spectra were fitted after Shirley background correction. The results show no consistent dependence of formic acid decomposition on pH.
7. CO chemisorption measurement of a PtRuBiO x (1:3:1) on Vulcan XC 72 carbon catalyst with 34% total metal loading. The results were compared with the CO chemisorptions on a commercial PtRu on carbon catalyst with 55% metal loading.
The measurements were performed only once with a Micromeritics ASAP 2020 physisorption/chemisorption instrument. The samples were degassed overnight. Analyses were carried out first with pretreatment in hydrogen for 2 hours at 350°C. The CO sorption was carried out at 35 °C. 
